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Abstract 

Physical phenomenon of the optical precursor is a beautiful manifes- 
tation of strong inequality of forward and reversed transitions in optics. 

PACS number: 42.50.Md, 42.50.Ct 

Present day quantum physics is overloaded by inferior mathematical de- 
scriptions. However, too frequently such mathematical models can not help and 
only replace understanding of a physical nature by the description of the studied 
phenomena. 

The striking example of such situation is the phenomenon of so-called optical 
precursor. Its mathematical description for the first time was proposed nearly 
one hundred years ago [1], but high quality experimental results were obtained 
only recently [2-4]. The used mathematical model allows exactly to describe 
the shape of the precursor, but it is useless for understanding the nature of 
observed phenomenon. It is supposed in [4] that: "an optical precursor is the 
propagation of the leading edge of the step pulse that travels at the speed of light 
in vacuum because the atoms have finite response time - they cannot respond 
to the leading edge immediately" . So, it is assumed that the time of a photon 
absorption event is insufficiently short. Of course, this is an absurd supposition 
because of the characteristic time of the observed optical precursor is near 10 nc. 
However, the physicists are in a hopeless position: any other possible physical 
explanation looks like even more absurdly than the present one. 

But the physical nature of the observed optical precursor phenomenon (as 
also of many other phenomena in optics) is easily explained on the base of the 
concept of inequality of forward and reversed processes in optics [5]. Accord- 
ing to this concept the differential cross-sections of forward process of photon 
absorption and following reversed process of a stimulated emission of the pho- 
ton by the same atom are not equal. Figure 1 shows the supposed shapes of 
corresponding dependences of cross-sections from different physical parameters. 

The physical nature of the optical precursor phenomenon becomes clear from 
this figure. At the first stage a photon absorption process takes place. It has 
some probability or cross-section. At the same time the reversed process of 
stimulated emission of the photon proceeds. It has much greater differential 
cross-section. As a result, the total observed absorption of photons is small. 
Stimulated emission is the same statistical process. If it does not take place 
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immediately, the different dephasing (in wide sense) and states mixing processes 
take place. As a result, the differential cross-section of the backward stimulated 
emission process strongly drops, the atoms "stick" in the excited state and the 
observed total absorption of photons quickly grows. At the end of the pulse due 
to the rephrasing processes some excess of stored in the gas medium energy is 
emitted without any inversion of the state's populations. 

It may seems that the concept of inequality of forward and reversed pro- 
cesses contradicts to well known phenomenon of Rabi oscillations of popula- 
tion of states in two-level quantum system under action of resonance radiation, 
which looks like as a demonstration of full symmetry of forward and backward 
processes. However, such contradiction is absent. For Rabi oscillations it is 
important the equality of total (integral) cross-sections of forward and back- 
ward processes (this equality is not disputed). In contrast, for optical precursor 
phenomenon and for the so-called adiabatic population transfer phenomenon [6] 
(during the sweeping of resonance conditions) it is more important the inequality 
of differential cross-sections of forward and reversed transitions. 

The task of full explanation and more correct mathematical description of the 
optical precursor phenomenon demands extensive information about differential 
cross-sections of forward, backward, reversed transitions and its dependence 
from a number of physical parameters. Now such information is absent. Present 
day experimental results [2 - 4] have mainly demonstrational character. We need 
now in experimental study of relative intensity and time length of the optical 
precursor from the intensity of laser radiation, gas temperature and so on in 
as possible wide range of experimental parameters. It is just probably that the 
extensive experimental study of the optical precursor phenomenon will give in 
a future most exact quantitative information about differential cross-sections of 
a photon interaction with atoms and molecules. 
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Figurel The supposed shapes of dependences V 9 U 9 X 
of cross-sections for forward (1), backward and 
reversed (2) transitions from such parameters as 
the frequency (v), phase, angel (9), position of the 
particle (x). 
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